Abstract We have updated the active fault map of Turkey and built its database within GIS environment. In the study, four distinct active fault types, classified according to geochronological criteria and character, were delineated on the 1:25,000 base map of Turkey. 176 fault segments not included in the former active fault map of Turkey, have been identified and documented. We infer that there are 485 single fault segments which are substantially potential seismic sources. In total 1964 active-fault base-maps were transferred into the GIS environment. Each fault was attributed with key parameters such as class, activity, type, length, trend, and attitude of fault plane. The fault parameters are also supported by slip-rate and seismogenic depth inferred from available GPS, seismological and paleoseismological data. Additionally, expected maximum magnitude for each fault segment was estimated by empirical equations. We present the database in a parametric catalogue of fault segments to be of interest in earthquake engineering and seismotectonics. The study provides essential geological and seismological inputs for regional seismic hazard analysis of all over Turkey and its vicinity.
Introduction
Turkey is located in the Eastern Mediterranean region of Alpine-Himalayan orogenic system, which is one of the seismically most active zones in the world. Between 1900 and 2012, 203 earthquakes with magnitude of Mw 6.0 or greater were recorded within Turkey and the surrounding region . The most destructive 72 of these earthquakes caused more than 90,000 casualties and imposed estimated economic losses (primary and secondary), of more than 50 billion dollars on the Turkish economy. The psycho-sociological impact of these earthquakes has been immense and last longer than the economic losses.
Seismic hazard maps are essential for many public policy applications in seismic hazard assessments and are an important component of seismic-design regulations for engineering structures. For that reason, these maps should be systematically updated and improved by the new seismic source data and assessments methods (Stirling et al. 2012; Rezaeian et al. 2014; Petersen et al. 2008 Petersen et al. , 2014a . Fault source models are a critical input to seismic hazard assessments (Litchfield et al. 2014) .
The Active Fault Map of Turkey (1:1,000,000 scale; Ş aroglu et al. 1992a, b) , which was the first map using consistent standards to document the essential characteristics of active faults on a national-wide scale, was published by the General Directorate of Mineral Research and Exploration (MTA) . A range of earth science disciplines, planners, and engineers involved in the active tectonics and seismicity of Turkey and its surroundings have considerably benefited from the 1992 edition map.
Since 1992, geological and paleoseismological investigations on the earthquakes in Turkey (and around the world) have significantly increased. Additionally, two of most destructive earthquakes in history of Turkey, which are the 1999 İzmit (Mw 7.4) and Düzce (Mw 7.2) earthquakes (e.g. Barka et al. 2002; Duman et al. 2005) , occurred providing valuable data that help to more fully understand Turkey's active faults and earthquake hazards for geoscientists. The last events and accompanying knowledge highlighted the need for more reliable and detailed active fault maps to support future scientific activities, to understand earthquake hazards, and to mitigate the risk from future seismic events. In recognition of the need for an updated active fault map for seismic hazard assessment, the project entitled ''updating the Active Fault Map of Turkey and its Database'' was launched by the MTA in 2004 and completed in 2011.
The aim of this paper is to describe the active fault classification method and to summarize the active faults parameters in Turkey with their geometric continuations to crossborder seismic sources. Therefore, all active faults presented in this study were mapped in detail at a base scale of 1:25,000 and essential inputs for seismic hazard analysis for 485 fault segments were estimated. In total, 1964 active fault base maps were transferred into Geographic Information System (GIS) environment to create an active fault database of Turkey. The database includes basic information such as fault and segment name, activity class, type, length, trend, and attitude of fault plane. The parameters are augmented by sliprate and seismogenic depth inferred from published GPS, seismological and paleoseismological documents, and expected maximum magnitude estimated from empirical equations. We present the database of updated active fault maps of Turkey as basic information for assessment of earthquake hazard, research, planning and implementation studies all over the country and the surrounding area.
Active tectonic framework of Turkey
Earthquakes that have impacted Turkey are generated by the most important active faults of the Eastern Mediterranean region. The Eastern Mediterranean is a region of complex tectonics associated with the interaction of three major lithospheric plates-Eurasian, Arabian and African. Therefore, a better understanding of Turkey's seismicity requires a description of the active tectonics and deformation styles associated with plate interaction in the region.
Turkey comprises many lithospheric fragments that were derived from the major plate margins and then amalgamated during the Alpine orogeny (e.g. Ketin 1966; Ş engör and Yılmaz 1981; Okay and Tüysüz 1999; Bozkurt and Mittwede 2001) . It is characterized by actively deforming terrain resulting from post-collisional intra-continental convergence and tectonic escape. These phenomena are related to the closure of the Neotethys Ocean, collision of the Arabian and African plates with Eurasian plate and formation of the Anatolian micro-plate, which represent the Late Tertiary tectonic history of the Eastern Mediterranean region.
In the easternmost part of the Turkey, the southern branch of the Neotethyan Ocean was consumed by the northward collision of the Arabian plate with the Eurasian plate during Mid-Miocene time *12 Ma (McKenzie 1972) . The Arabian and Eurasian plates were eventually sutured together along the Bitlis-Zagros belt once the former oceanic crust was consumed (Ş engör and Yılmaz 1981) .
A greater portion of Anatolia resembled a low-land terrain dominated by peneplain morphology before the continental collision throughout Eastern Anatolia in OligoceneMiddle Miocene (Erinç 1953; Erol 1983) . Due to the collision, the continental crust in Eastern Anatolia contracted while thickening. As a result of the overall uplift, eventually, the region transformed into a high-land by tectonic relief inversion (Ş engör and Kid 1979; Ş engör 1980; Ş engör et al. 1985) . Because of the inadequacy of the existing tectonic structures to compensate such crustal thickening by north-south compression, Anatolian plate started to form, and two plate bounding transform fault systems emerged-the rightlateral North Anatolian Fault (NAF) and the left-lateral East Anatolian Fault (EAF). The Anatolian micro-plate which is situated between these two transform faults initiated its westward movement in the Early Pliocene (*5 Ma) (e.g. Ş engör 1979a , b, 1980 Ş engör et al. 1985; Bozkurt 2001) . As a result, the collision began to drive internal deformation and forced a large part of Turkey westwards through a process called extrusion tectonics or escape tectonics (Burke and Ş engör 1986; Dewey et al. 1986; Ş engör 1979a , b, 1980 Ş engör and Kid 1979; Ş engör et al. 1985; Armijo et al. 1999) . Sub-neotectonic regions, which are characterized by discrete tectonic structures and processes were formed within the timespan of this new tectonic period (Ş engör et al. 1985; Barka and Reilinger 1997; Koçyigit and Ö zacar 2003) .
As for the recent tectonic processes in the region, Eastern Anatolia-situated between the Caucasus and the Bitlis-Zagros thrust belt-is being deformed under the north-south compressional tectonic regime. Recent crustal deformations in the region are compensated by faults with various geometries and mechanisms (Ş aroglu and Güner 1981; Ş engör et al. 1985) . These include NE-SW oriented left-lateral, NW-SE oriented right-lateral conjugate strike-slip faults, N-S extending normal faults and extension fissures, and E-W trending folds, thrusts and reverse faults. While rotating counter-clockwise, the Anatolian plate moves westward between the NAF and EAF and southwest-ward thrusts on to the African plate along the Aegean subduction zone (McKenzie 1972 (McKenzie , 1978 Jackson and McKenzie 1984; Ş engör 1979a , b, 1980 Ş engör et al. 1985; Taymaz et al. 1991a, b; Le Pichon et al. 1995; Armijo et al. 1999) . The neotectonic of Western Anatolia is characterized by east-west oriented horst-graben structures which identifies a N-S oriented extensional regime. The West Anatolia extensional neotectonic province is bounded by the Eskişehir-Tuzgölü fault zone on the east Koçyigit and Ö zacar 2003) . Throughout Central Anatolia which is situated in-between the East Anatolia compressional and the West Anatolia extensional tectonic regimes, complex deformation by strike-slip, normal and reverse faults is observed.
The NAF and EAF transform faults which facilitate the westward escape of the Anatolian plate and its thrusting onto the African plate are the main structures of regional importance in the recent tectonics of the Eastern Mediterranean. These are intra-continental transform structures where the NAF emerged between the Anatolian and Eurasian blocks and the EAF emerged between the Anatolian and Arabian plates. The Dead Sea Transform Fault Zone, Hellenic Arc and Cyprus Arc are the other major active structures of the neotectonic framework of Turkey and the surrounding region (Fig. 1) .
Active fault database of Turkey
The ''Updating of Active Fault Map of Turkey and its Database'' MTA project, included active fault investigations and 1:25,000 scale active fault mapping. All mapped active faults were digitized at 1:25,000 scale to and attributed with parametric data to create a GIS digital database. By the utilization of these data active fault maps at various scales were composed throughout Turkey. The methodology for the development of the active fault database and active fault map production summarized below.
Data source
The data presented in this paper includes active faults that were newly identified through aerial photo interpretations and field studies, or faults that were reinterpreted after the publication of the first Active Fault Map of Turkey (Ş aroglu et al. 1992a, b) . Some of the faults were adopted partly from Ş aroglu et al. (1992a, b) and partly from later studies. The MTA Geological map database was used primarily to determine the age and offset-magnitude of the faults in the present active fault map.
Since there are no available standard data, the offshore extension of the faults or offshore faults were in general not included in the active fault maps. An exception was for the Sea of Marmara and Gulf of Saros, where a large amount of data were acquired after the 1999 İzmit earthquake to understand the nature of the offshore extension of the NAF. We reviewed these published data to delineate the underwater continuation of the NAF in Turkish territorial waters. The submarine parts of the NAF are interpreted after Rangin et al. (2001) , İmren et al. (2001 , Armijo et al. (2002 , 2005 , Cormier et al. (2006) , İmren (2007) for the Sea of Marmara, and Ustaömer et al. (2008) for the Gulf of Saros, Koukouvelas and Aydın (2002) for the North Aegean Trough. Based on the references cited above only the Holocene underwater faults are included in the revised active fault maps. Additionally, available literature was used to evaluate the neotectonic setting, activity, slip rate and earthquake behaviour of the faults and their seismogenic depths. Emre et al. (2013) . Faults in the south and east are simplified from Garfunkel (2014) , Hessami et al. (2003) and Gudjabidze (2003) . Faults in Aegean and Balkans are from Burchfiel et al. (2006) , Caputo et al. (2012 Caputo et al. ( , 2015 , Woessner et al. (2015) . Faults in Mediterranean are re-evaluated from Angelier et al. (1982) and Papazachos and Papaioannou (1999) . Faults in Black Sea are re-evaluated from Ş engör et al. (1985) and Barka and Reilinger (1997) . Neotectonic Provence modified from Ş engör (1980) and Koçyigit and Ö zacar (2003) . For the other details of the faults in Turkey see Fig. 3 
Mapping methodology
The study was based on interpretations of 1:35,000-1:20,000-and 1:10,000-scale aerial photos, ortophotos and digital terrain analysis produced from topographic maps of 10 m interval contours, and coupled with detailed field surveys. During the field surveys, fault and related features were observed and documented. These included information such as the structural origin, age, offset, segment and jog structures, and geological and geomorphological observations. All these data were compiled into the 1:25,000 scale topographic maps. Then, these base maps were digitized into a GIS environment so that both analogue and digital archives of the particular fault map were created. Maps of each fault were then sequentially added to the database in a consistent format to create the active fault map series.
Nomenclature
The fault names are intended to be compatible with those used by Ş aroglu et al. (1992a, b) on the prior edition of the Active Fault Map of Turkey. However, new names were assigned to some faults that were identified or segmented in this study using the name of the closest major settlements shown on the 1:250,000 scale topographic maps of Turkey. In other literature, some of the faults are sometimes cited with different names or using local names such as a village, river or hill, etc. In these cases, we have also renamed the faults using the project's standards. On the other hand, if a particular part of a fault identified in the literature is actually a minor part of a larger fault zone then that minor fault was renamed to that of the greater fault system. Single names are used for the more or less geometrically single segment faults.
Definitions
The term 'fault zone' is used for a fault group that forms a zone where individual faults are parallel or semi-parallel to each other. The term ''graben system'' is reserved when multiple faults form or are located in a graben. The terms multi-segment fault, fault zone and fault system refer to large faults that are divided into segments and each identified segment is given a specific name.
The term 'segment' refers to the 'geometric segment ' of McCalpin (1996) , which is based on fault stepovers and bends. When available seismological and paleoseismological data are utilized in our study of segmentation, the segments defined may refer to the 'behavioural segment ' of McCalpin (1996) . The original 1:25,000 base map scale was selected so that fault geometry and segmentation of the faults could be represented by following the approaches of Knuepfer (1989 ), de Polo et al. (1989 , 1991 ), and McCalpin (1996 .
Classification
Classifications of active faults depend on neotectonic period and active tectonics of the terrain, available data and the scope of the study. The delineation of faults suggested by Jennings (1994) as; active faults, potentially active faults, and capable faults is very common, especially in nuclear power plant studies. We define an active fault as one that has produced a surface rupture in the Quaternary. The Quaternary is used as it falls within the neotectonic period of Turkish territory which is considered to extend from the Late Miocene to present.
Surface deformations caused by earthquakes along the faults have long been used as the geological and geomorphological criterion for defining of active faults. We defined four distinct active fault types considering the time of the last surface rupture as the geochronological criterion and character (Fig. 2) classified the identified faults accordingly. The classes were defined as follows;
(1) Fault with Earthquake Surface Rupture: A fault that produced a large magnitude earthquake after 1900, and where reliable data were available to document the rupture location and the total length of the surface rupture. (2) Holocene fault: A fault that has evidence of surface rupture during Holocene time (last 11,000 years). (3) Quaternary Fault: A fault that has evidence of surface rupture during Quaternary time (last 2588 million years). (4) Probable Quaternary fault or lineament: A fault with possible, but not definitive Quaternary activity. These faults may be associated with linear topographic features, which could be related to neotectonic or paleotectonic structures that control the present geomorphology. There is no clear evidence for surface rupture during Quaternary time.
Active fault maps of Turkey
We produced active fault map outputs at three different scales. These are; (1) Base maps of active fault at 1:25,000 scale, (2) Active fault map series of Turkey at 1:250,000 scale and (3) Active fault map of Turkey at 1:1,250,000 scale. The active fault base maps consist of 1964 sheets which were archived in both analogue and digital forms at the Geological Data Base of Turkey and the Map Archive of the MTA, respectively. These maps include data Fig. 2 Geological fault classification approach used in the Active Fault Maps of Turkey Bull Earthquake Eng (2018) 16:3229-3275 3235 that can be used for regional seismic hazard analyses and surface fault rupture hazard analyses, as well as global route and site selection studies. However, the maps scales may be insufficient for project-specific studies, and these data are not a substitute for sitespecific evaluations. The base maps were then scaled to produce two primary products. The first is the 1:250,000 scale Active Fault Map of Turkey Series, consist of 59 individual sheets that were published between 2010 and 2012. References for all these sheets were listed in Emre et al. (2013) . The second is the 1:1,250,000 scale Active Fault Maps of Turkey ) which consists of a booklet with a map-appendix. This is a simplified guide map which shows the spatial distribution and general characteristics of the active faults in the Turkish territory.
The digital forms of the active fault maps in GIS environments are available to institutions, organizations and individuals for a particular fee. The active fault base maps including the detailed geometry are served on the Earth Science Map Portal of the MTA (http://yerbilimleri.mta.gov.tr). Additionally, all published maps, the Active Fault Map Series of Turkey (59 sheets) and the Active Fault map of Turkey are available at maps.mta.gov.tr in high resolution pdf format. Figure 3 shows the active fault distribution simplified from the Active Fault maps of Turkey.
Distribution of active faults and their regional characteristics
On the updated active fault maps of Turkey, there are 326 single faults, fault zones or systems. The large fault zone or systems were divided into segments based on their potential to produce earthquakes individually. Consequently, 485 single fault segments which are considerable potential seismic sources were identified across Turkey (Fig. 3) .
Four distinct neotectonic provinces ( Fig. 1) were suggested by Ş engör (1979a, b) across Turkey: (1) North Anatolian province; (2) Eastern Anatolian contractional province; (3) Central Anatolian 'Ova' province; (4) Western Anatolian extensional province. Each province shows different tectonic characteristics. For example, the Eastern Anatolian region, between the Caucasus and the Bitlis-Zagros belt, is currently experiencing a N-S compressional tectonic regime, while Western Anatolia is deforming through N-S continental extension. Central Anatolia between these two regions is characterized by complex recent tectonic activity, expressed along strike-slip, normal and reverse faults (Koçyigit and Ö zacar 2003) . We modified the proposed models for neotectonic provinces of Turkey by Ş engör (1980) and Koçyigit and Ö zacar (2003) as shown in Fig. 1 .
Within this general framework, our model suggests five distinct neotectonic provinces within Turkish territory. The Eastern Anatolian Province is under a S-N oriented compressional tectonic regime (Ş engör 1980). The Anatolian plate moving westward in an escape tectonic regime is prominently divided into two neotectonic regions; (1) Central Anatolia to the east is dominantly characterized by strike-slip faulting mechanism due to pure lateral plate motion, (2) West Anatolia deforming under an extensional tectonic regime (Ş engör 1980; Ş engör et al. 1985) . Both the Anatolian plate regions are divided into sub-divisions or blocs. Sub-provinces of the Western Anatolian extensional tectonic regime are shown in Fig. 1 . The North Anatolian Province geologically corresponding to the Pontide orogenic belt including the Strandja massif at the west is situated between the Black Sea abyssal plain and plate boundary North Anatolian fault system (Fig. 1) . The region is characterized by very low microseismicity (except for the 1968 Bartın Fig. 3 Spatial distribution of the active faults of Turkey (3/3). Each fault or fault segment was defined by an identification number. The fault segments were numbered with sub class numbers. In this notation the first number shows that the fault has multi-segments, a fault system or a zone, the second number indicates the fault segment. The identification numbers of the faults associated with the names are in the Table 1 . BMGS Büyük Menderes Graben System, GGS Gediz Graben System, DGS Denizli Graben System, AGS Acıgöl Graben System, BGS Burdur Graben System, Ç GS Ç ivril Graben system, AAGS Afyon-Akşehir Graben System, KGS Karamuk Graben System Bull Earthquake Eng (2018) 16:3229-3275 3237 earthquake) and is bounded to the north by the Pontic Escarpment (Barka and Reilinger 1997) the Quaternary activity of which is still debated. Finally, the Southeast Anatolia province with scattered Quaternary faults the northern margin of Arabian plate represents the foreland along the Southeast Anatolian thrust zone. We recognized sub-provinces including faults that have similar geometries, kinematics and tectonic characteristics. The following section summarizes the information presented in the active fault maps of Turkey. 
The North Anatolian fault
The North Anatolian Fault (NAF) is a right-lateral strike-slip transform fault system which separates the Eurasian and Anatolian plates. The NAF zone, with its extraordinary morphological characteristics and its capacity for generating destructive earthquakes is one of the main active tectonic features of the Eastern Mediterranean region. Thus it has been subject to several investigations (Ketin 1948 (Ketin , 1968 (Ketin , 1969 Ş engör 1979a, b; Ş engör et al. 1985 , 2005 Ş aroglu et al. 1992a, b; Barka 1992 Barka , 1996 Barka and Kadinsky-Cade 1988; Barka and Reilinger 1997; Koçyigit and Beyhan 1998; Bozkurt 2001 references therein; Emre et al. 2013 references therein). The NAF traverses E-W across Anatolia for *1400 km starting from Karlıova to the north Aegean Sea. Right-lateral geological offsets, fault valleys, tectonic troughs, offset ridges and drainage networks, pressure ridges of various sizes, basins and similar features along the fault . The jog structures forming these basins directly control the geometric segment structure of the fault zone. The NAF zone can be classified into three main parts-the Eastern, Central and Western (Figs. 1, 3) . The Eastern and Central NAF are characterized by a narrow deformation zone, while the Western NAF presents a wide deformation zone.
The Eastern NAF extends for *430 km between the Karlıova triple-junction and the Niksar releasing stepover. The Erzincan pull-apart basin is the most significant jog along this section. The 330 km-long western part of the section including the Ezinepazarı splay was ruptured during the Ms 7.9 1939 Erzincan earthquake. On the other hand, one of the present-day seismic gaps on the NAF zone exists the east of this section, along the Yedisu segment. The NAF to the west of Erzincan can be traced along a narrow zone through linear and distinct fault valleys in contrast to complex geometries through the Karlıova triple-junction area in the east.
The Central NAF is located between Niksar and Dokurcun. Starting at the north of the Niksar releasing stepover it extends as a *525 km-long north vergent convex arc ending at the west end of the Dokurcun valley where the main strand splays into two branches. With the exception of segment boundaries, the central NAF is observed through a narrow deformation zone characterized by a regional scale restraining bend according to large bend geometry. The NAF has played an important role in the formation of the recent morphology of the region. It forms tectonic valleys and troughs outside the stepover areas. The Yeşilırmak and Kızılırmak rivers are deflected by the fault by *17 and 25 km, respectively. The entire Central NAF was ruptured in the twentieth century by multisegment events. These include the Ms 7. 1 1942 , Ms 7.4 1943 , Ms 7.3 1944 , Ms 7.1 1957 and Ms 7.2 1967 To the west, the Western NAF bifurcates into two main strands namely the northern and southern strands. The northern strand is the main fault accommodating plate boundary motion through the Marmara Sea, Saros Bay and the North Aegean Trough (Barka and Kadinsky-Cade 1988; Barka 1992 Barka , 1996 Armijo et al. 1999 Armijo et al. , 2002 Armijo et al. , 2005 Ş engör 1979a, b; Ş engör et al. 1985 , 2005 Le Pichon et al. 2001 Reilinger et al. 2006) . The northern strand of the Western NAF extends for *500 km between the Adapazarı Basin and the North Aegean Trough (Figs. 1, 3) . Considering overall fault geometry, the western NAF is divided into two main geometric sections which are the Central Marmara arc ) and the north Aegean section from east to west. These two main sections are tied at the transpressional Ganos bend where fault orientation abruptly changes by *18° Okay et al. 2004; Seeber et al. 2004 ). Both sections are highly segmented. Those segments are connected by releasing and restraining stepovers and bends. (Barka 1992 (Barka , 1996 Armijo et al. 2002 Armijo et al. , 2005 Le Pichon et al. 2001 İmren et al. 2001; Ustaömer et al. 2008; Aksoy et al. 2010; Emre 2010; Emre et al. 2011a, b) . The basins aligned along the strand in the Sea of Marmara, Gulf of Saros and North Aegean Trough are large scale morphotectonic structures developed in the releasing jogs, whereas submarine Central Marmara High and Ganos mountain represent uplifted relief in restraining bends. The southern strand of the Western NAF splays out from the main fault at Dokurcun valley and extends westward along İznik Lake and Gemlik Bay where it connects with the NE-SW trending en echelon strike-slip fault systems around the Biga Peninsula (Barka and Kadinsky-Cade 1988; Barka 1992 Barka , 1996 Armijo et al. 1999; Ş engör et al. 1985 , 2005 Emre et al. , 2011a Emre et al. , b, 2013 . This strand is included in the Northwest Anatolia transition zone where recent crustal deformation is controlled by the bend kinematics (Emre et al. 2005a (Emre et al. , b, c, 2011a Ö zalp et al. 2013) .
According to historical and instrumental earthquake records, the NAF is well-known as a source for several large earthquakes resulting in surface rupture. Figure 3 displays the distribution of surface ruptures developed by westward migration of the large earthquake sequence in the last century. Multi-segment faulting usually causing surface rupture have occurred in this sequence of earthquakes which started with the 1939 Erzincan earthquake in the east (Fig. 3) . Many of these earthquakes have triggered a western fault segment as the next earthquake. Between the Erzincan basin and the Ç ınarcık basin in the Sea of Marmara Sea, *900 km-of surface rupture has developed during these westward prograding earthquakes (Ambraseys 1970; Toksöz et al. 1979; Barka and Kadinsky-Cade 1988; Barka 1992 Barka , 1996 Barka , 1997 Stein et al. 1997a, b; Emre et al. 2003 (McKenzie 1970; Ketin 1968; Ambraseys 1970; Dewey 1976; Barka and Kadinsky-Cade 1988; Stein et al. 1997a, b; Barka et al. 2000; Koçyigit 1988a Koçyigit , b, 1989 Koçyigit , 1990 Tokay 1973; Pamir and Ketin 1941; Wright et al. 2000; Ş engör et al. 2005) .
In addition to them 32 medium-size earthquakes (M [ 5.0) without surface rupture which can be related to the NAF zone have been recorded in the instrumental period .
Within the historical period, 46 large earthquakes are estimated to have been generated from the NAF zone, with the majority of these earthquakes concentrated in the Marmara region (Ambraseys and Finkel 1995; Ambraseys 2002) . Those data suggest that earthquake series occurred between 967 and 1050 along the Central NAF and in between 1719 and 1766 along the Western NAF. Those series appear to be analogous to the earthquake sequence of 1939 -1999 (Ambraseys 1970 , 2002 Finkel 1987, 1995) . The NAF has also produced very large earthquakes with up to 330-600 km-long surface ruptures like the 1509, 1668 and 1939 earthquakes (Ambraseys 1970; Ambraseys and Finkel 1995) .
Especially, the noteworthy analyses of recent earthquake series reveal that the Marmara Sea portion of the NAF is prone to stress accumulation (Gürbüz et al. 2000; Parsons et al. 2000) . Those studies suggest a 50% probability for a large earthquake along the NAF in the next 30 years' (Ş engör et al. 2005; Parsons et al. 2000) .
Geological and paleoseismological data indicate that the slip rate on the NAF over the past 10 3 -10 5 year is *15-22 mm/year (Hubert et al. 1997; Hubert-Ferrari et al. 2002; Okumura et al. 2003; Kondo et al. 2004; Kozacı et al. 2007 Kozacı et al. , 2009 Kozacı et al. , 2011 Pucci et al. 2007; Rockwell et al. 2009 ). On the other hand GPS studies suggest measured recent slip rates of 15-25 mm/year along the fault zone (Reilinger et al. , 2006 Oral et al. 1995; Ayhan et al. 1995; McClusky et al. 2000 McClusky et al. , 2003 Meade et al. 2002) . Recent studies propose GPS velocities along the NAF zone with a decelerating trend from east to west from 25 to *17 mm/year (Reilinger et al. 2006; Tatar et al. 2012; Ergintav et al. 2014) .
We divided the NAF zone into 38 geometric segments considering fault geometry and seismic behaviour. These are; Kargapazarı (1-1), Elmalı (1-2), Yedisu (1-3), Erzincan (1-4), Refahiye (1-5), Suşehri (1-6), Reşadiye (1-7), Ezinepazar (1-8), Niksar (1-9), Erbaa (1-10), Destek (1-11), Havza (1-12), Köprübaşı (1-13), Kamil (1-14), Kargı (1-15), Ilgaz (1-16), Sarıalan (1-17), Bayramören (1-18), İsmetpaşa (1-19), Gerede (1-20), Yeniçaga (1-21), Bolu (1-22), Taşkesti (1-23), Dokurcun (1-24), Düzce (1-25), Karadere (1-26), Arifiye (1-27), Tepetarla (1-28), Gölcük (1-29), Karamürsel (1-30), Darıca (1-31), Adalar (1-32), Ç ınarcık (1-33), Avcılar (1-34), Kumburgaz (1-35), Tekirdag (1-36), Ganos (1-37), Saros (1-38) segments (Fig. 3) . However, detailed mapping of surface ruptures in twentieth century and paleoseismic data reveal that multi-segment rupturing is common on the NAF. Therefore we also present earthquake segments associated with large events in twentieth century (Table 1) .
The East Anatolian fault
The East Anatolian Fault (EAF) (Arpat 1971; Ş aroglu 1972, 1975; McKenzie 1972 McKenzie , 1978 Jackson and McKenzie 1984; Dewey et al. 1986; Taymaz et al. 1991a, b; Ş aroglu et al. 1992a, b; Westaway and Arger 1996; Westaway 2003 Westaway , 2004 ) constitutes a complex sinistral strike-slip fault zone that separates the Anatolian plate from the Arabian plate (Figs. 1, 3) . The eastern part of the EAF exhibits a 295-km long narrow deformation zone where it takes the form of a single fault trace except for jog structures. However, to the west it is divided into northerly and southerly fault strands and becomes a 65-km wide deformation zone . The southerly strand is the main fault. The main EAF zone is *580 km-long between Karlıova and Antakya including the southern strand, and is divided into the 7 fault segments from NE to SW, namely, the Karlıova (2-1), Ilıca (2-2), Palu (2-3), Pütürge (2-4), Erkenek (2-5), Pazarcık (2-6), and Amanos (2-7) segments (Fig. 3) . The lengths of the segments vary from 31 to 112 km, while their strikes vary from N35°E to N75°E. The northern strand of the EAF, called the Sürgü-Misis Fault (SMF) system, is *380 km between Ç elikhan and the Gulf of İskenderun, exhibiting characteristic active left-lateral fault features . It consists of 9 fault segments, which are, from NE to SW, the Sürgü (227), Göksun (226), Savrun (223), Ç okak (222), Misis (216), Toprakkale (219), Yumurtalık (218), Karataş (217) and Düziçi-İskenderun (220) fault segments, respectively (Fig. 3) .
The northern strand of the EAF connects to Misis-Kyrenia zone via the Gulf of İsk-enderun where the southern strand connects to the Dead Sea Fault (DSF) zone in the Karasu tectonic trough. Details of the jog structure in the Gulf of Iskenderun are not known well. However, the EAF's connection to the DSF zone is provided by a large-scale extensional left-lateral stepover structure in the Karasu valley. Both transform faults overlap each other along this trough. Segments along the EAF do not display a significant order and they are bifurcated by either restraining or releasing bends or stepovers. The widths and lengths of the jogs vary from 1.5 to 25 km and from 6 to 45 km, respectively .
Two surface ruptures that developed along the EAF in the twentieth century have been mapped. These are ruptures associated with the 1971 Ms 6.8 Bingöl earthquake (Fig. 3) and the 2010 Mw 6.1 Karakoçan earthquake (Arpat and Ş aroglu 1972; Seymen and Aydın 1972; . Additionally it is known that the EAF to the east of Lake Hazar was also ruptured by the 1874 Ms 7.1, 1875 Ms 6.7, and 1866 Ms 7.2 earthquakes (Ambraseys 1988; Ambraseys and Jackson 1998; Ç etin et al. 2003) . Based on these observations suggest that the next earthquakes maybe on segments farther west. Based on GPS data (McClusky et al. 2000; Reilinger et al. 2006) , slip rate along the fault zone is *10 mm/year. Approximately, 2/3 of the slip is estimated to be along the southern strand with the rest along the northern strand of the EAF . Geological slip rate for the fault zone is proposed as 8.3 mm/year (Herece 2008), whereas paleoseismic data on the Pazarcık segment suggests 5.2 ± 0.6 mm/year slip rate (Yönlü 2012) . Accordingly, farther west, the slip rate along Karasu through the southern strand is estimated to diminish to 4.0 mm/year (Ş aroglu et al. 1992a, b; Westaway and Arger 1996; Westaway 2003 Westaway , 2004 Herece 2008) due to slip partitioning between the Amanos segment of the EAF and the northernmost segments of the DSF zone .
Exhaustive GPS velocities have been provided for the segments along SMF zone. However, proposed a total of *3 mm/year slip rate which is partitioned throughout the fault segments in the zone based on the systematic offsets within the Holocene drainage network.
Eastern Anatolia
Eastern Anatolia defines the area between the Southeast Anatolia thrust to the south and the Caucasus thrust belt to the north, and to the east of the Karlıova triple junction (Ş engör 1980). The region is under a N-S compressional tectonic regime due to ongoing northward motion of the Arabian plate (Ş engör 1980; Ş engör et al. 1985; Ş aroglu and Güner 1981; . Recent deformations in Eastern Anatolia are accommodated by strike-slip faults oriented NW-SE and NE-SW, thrust/reverse faults oriented E-W and N-S oriented extension fissures or normal faults. The strike-slip faults display a conjugate pattern in which NW trending faults are right lateral, NE trending faults left lateral (Ş engör et al. 1985; Ş aroglu 1985) , however, right lateral faulting is dominant. On the other hand, some of these strike-slip faults have formed multi-segmented large fault systems in the region such as the Balıkgölü (265), Erzurum (257) and Ş emdinli-Yüksekova (310) fault zones (Fig. 3) .
In the conjugate pattern, major left-lateral strike-slip faults mapped in the region are the Ç at fault zone (255), Palandöken fault (256), Erzurum fault zone (257), Haçlıgölü fault (282), Malazgirt fault (283), Süphan fault (285), Erciş fault (288) and Başkale fault (294) (Fig. 3) .
The mapped right-lateral strike-slip faults in this region exceed the left-lateral faults both in number and length. These are; the Taşlıçay fault zone (247) (Fig. 3) .
Thrust or reverse faults are typically E-W oriented. These include the Horasan-Ş enkaya fault zone (260), Pasinler fault zone (258), Van fault zone (295), Nazik Gölü fault (300), Muş fault zone (301) and Yeniköşk (302) fault (Fig. 3) . Intra-mountain basins which are characteristic tectono-geomorphic elements of the Eastern Anatolia tectonic province have developed along the major thrust fault zone such as Muş, Lake Van and Pasinler basins (Ş aroglu and Güner 1981; .
Agrı (262), Tendürek (266), Diyadin (267) and Nemrut (298) extension fissures (Fig. 3 ) parallel to the compression orientation are considered as active structural features causing Quaternary volcanic activities in the region (Ş aroglu and Yılmaz 1986; Yılmaz et al. 1998 ). Details of the surface ruptures developed by four large earthquakes within the last century are well-known and references therein). These are the 1966 Varto (Ms 6.8), 1976 Ç aldıran (Ms 7.3), 1983 Horasan-Narman (Ms 6.8), and 2011 Van (Mw 7.2) earthquakes. Fault related geomorphic features and historical records reveal that the faults in the region have produced large earthquakes resulted in surface ruptures in the past (Ambraseys and Jackson 1998), however, historical surface faulting was only confirmed on the Erzurum fault zone by paleoseismological investigations ).
South-east Anatolia thrust zone and foreland
During the Middle-Late Miocene (Langian-Serravalian) the Arabian and Eurasian plates collided along the Bitlis-Zagros suture zone (Ş engör and Yılmaz 1981) . This resulted in the up-lift of suture zone mountains and transformation of shallow marine environments into molasse basins (Yılmaz 1993) . The Bitlis suture is a complex continent-ocean and continent-continent collision boundary starting from southeast Turkey and extending to the Zagros Mountains in Iran (Ş engör and Yılmaz 1981; Hempton 1985; Yılmaz 1993; Yılmaz et al. 1993; Ş engör 1979a , b, Ş engör et al. 1985 Yigitbaş and Yılmaz 1996) .
Tectonic features within this E-W trending thrust belt also get younger from north to south, where the youngest faults are situated along the frontal thrust. En-echelon folds parallel to the general orientation of the main thrust zone are observed through the foreland during field studies; we infer that those frontal folds are associated with the blind thrust faults at depth in the foreland.
The thrust belt is characterized by low-angle thrust faults. The length of the thrust belt between Kahramanmaraş and Hakkari within Turkish borders is more than *600 km. The thrust zone displays south-facing arc geometry parallel to the Bitlis suture zone. The apex of this arc which is an indicator for the northernmost edge of the Arabian plate in the suture zone is located just south of Karlıova triple junction. Thus, it can be speculated that the Karlıova triple junction forming the eastern tip of the Anatolian micro-plate was formed at the apex of the South-east Anatolia Thrust Zone (SEATZ).
The SEATZ is cut by the EAF at its western limit. To the west of Siirt, its youngest faults along the thrust-front structurally separate the allochthonous in the north and the Arabian autochthonous units in the south (Ş engör and Yılmaz 1981; Yılmaz 1993) . To the east of Siirt the thrust-front trends NW-SE and becomes a wider deformation zone with a right lateral strike-slip component including the Cizre thrust fault and some right lateral strike-slip faults (Fig. 3) . Even though the faults along the western half of the thrust-front are constrained to a narrow zone, to the east they are dispersed over a wider zone.
Considering fault geometry and structural gaps, the SEATZ was divided into 12 fault segments ( Fig. 3; Table 1 ). These segments consist of fault clusters reaching up to 25-50 km width with a braided-pattern. The fault clusters to the west of the apex of the thrust zone are characterized by left-stepping geometries, while the clusters to the east are right-stepping (Fig. 3) . The only mapped surface rupture within the SEATZ is associated with the 1975 Lice (Ms 6.6) earthquake (Arpat 1977) (Fig. 3) .
To the south of the SEAT, in the southeastern Anatolian province, few Quaternary active faults were mapped. In the regional framework, these faults display conjugate pattern. These include the right lateral strike-slip Bozova fault (312), the left lateral Besni fault (322), the Karacadag extension fissure (318) and normal faults in the Akçakale graben (320) ( Fig. 3; Table 1 ). Although the area is characterized by weak seismicity, there is no clear evidence for Holocene surface rupturing along these structures.
Central Anatolia
Central Anatolia in this study defines the area between the NAF and EAF zones to the east of the Eskişehir fault and Tuzgölü fault zone (Fig. 1) . The area is characterized by NE-SW trending strike-slip fault splays bifurcating from the NAF system in a fish bone pattern (Ş engör et al. 1985; Ş engör and Barka 1992) (Fig. 3) . However, there are a few individual fault segments with NW trend in the western part of this region.
The splay fault system regionally is divided into two groups based on their orientation and sense of lateral motion. Recent tectonic deformations in the region between the Kızılırmak River and the NAF are accommodated by right lateral strike-slip faults extending subparallel to the main strand of the NAF in an ENE-WSW orientation (Ş engör et al. 1985 , 2005 Ş aroglu et al. 1987; Koçyigit and Ö zacar 2003; Emre et al. 2013) . These are the Merzifon-Esençay fault (186) (Fig. 3) . These faults extend SW into the Anatolian plate for hundreds of kilometers in compliance with the concave geometry of the NAF zone along in its western continuation (Bozkurt and Koçyigit 1995) .
In the area between the Akdagmadeni fault and the EAF, recent crustal deformations are accommodated by left lateral strike-slip faults conjugate to the NAF and sub-parallel to the EAF transform systems, respectively. Western extensions of those faults traverse the Taurus orogenic belt. Of these, the Central Anatolian fault system (Koçyigit and Beyhan 1998) formed by the Ecemiş (207), Erciyes (204) and Deliler (202) faults is the largest inner tectonic structure of Central Anatolia. The Deliler fault extends to the Munzur Mountain with a plain geometry where it merges with the Ovacık (233) and Malatya (232) faults forming a fault complex in the Kemaliye fault junction (Fig. 3) . The Ovacık fault in the east end of this fault complex is bounded by the Munzur Mountain and merges to the NAF east of the Erzincan basin. The Malatya fault in the south connects to the EAF zone at the Nurhak fault complex . The Sarız fault (211), which exhibits similar geometry to these faults extends parallel to the EAF system through the NE tip of the central Taurides, and finally terminates within the Tauride mountain belt by (Fig. 3) .
Easternmost central Anatolia between the Erzincan and Bingöl basins and the Karlıova triple junction corresponding to eastern tip of Anatolian micro-plate is characterized by intensive large and small strike-slip faults in a conjugate pattern similarly to East Anatolia. Strike-slip faults are right and left lateral parallel to the NAF and EAF systems, respectively. The right lateral strike-slip Nazimiye fault (236) is the largest fault segment in this region.
In addition to the above mentioned faults, several active faults were mapped in northwest Central Anatolia. The Orta fault (162), Ç ankırı (185) and Karakeçili faults (183) are examples of such features (Fig. 3) . Latter two faults are transpressional structures, are dominantly reverse faults forming a link between the Tuzgölü fault and the MerzifonEsençay fault splay, which bifurcates from the NAF system.
In central Anatolia, two large earthquakes causing surface faulting occurred in the twentieth century. These are the 1938 Kırşehir earthquake (Ms 6.8) originating from the right lateral strike-slip Akpınar fault (Arni, 1940) and very thin surficial fissures associated with the Orta earthquake (Mw 6.0) in 2000 on the left lateral strike-slip Orta fault which extends conjugate to the NAF Taymaz et al. 2001 ).
Western Anatolia horst-graben systems
Western Anatolia horst-graben system with an annual GPS velocity of 20 mm/year is one of the most rapid extensional tectonic regions in the world (Aktug et al. 2009 ). This region defines the area bounded by the transtensional right lateral strike-slip Simav fault along the north and the transtensional Burdur-Fethiye zone to the east (Figs. 1, 3) . In terms of E-W prolongation, the horst-graben systems are located in-between Isparta Angle and the Aegean Sea (Figs. 1, 3) . The Gediz, Büyük Menderes, Denizli, Acıgöl, Ç ivril-Dinar and Burdur grabens are the most prominent geomorphic features of the region (Fig. 3) . Of these, the Gediz and Büyük Menderes graben systems which are the two largest morphotectonic elements of the western Anatolia extensional tectonic regime (Ş engör 1982; Paton 1992; Yılmaz et al. 2000) are located in the core of the Menderes Metamorphic Complex (Seyitoglu et al. 1992; Bozkurt 2001) . In the plan view these two graben systems exhibit a symmetric pattern (Fig. 3) . Both graben systems are characterized by a low angle detachment fault and several synthetic and antithetic faults on the hanging block of the detachment faults (Ş engör 1982 Bozkurt 2001; Gürer et al. 2001 Gürer et al. , 2016 .
The 170 km-long Büyük Menderes Graben System (BMGS) between the Aegean Sea coast and Denizli graben extends in E-W orientation. Its surface trace presents a westfacing ''V'' geometry (Fig. 3) . The low angle detachment fault is formed along the northern boundary of the graben. The low-angle detachment is overlaid by a high-angle synthetic fault zone reflecting late Quaternary-Holocene activity of the low angle detachment at depth. The northernmost fault of the BMGS was divided into 6 segments based on relay ramps and sharp changes or bends in the orientation of the detachment fault ( Fig. 3; Table 1 ). Fault related morphology, historical records and paleoseismological data reveal the late Holocene activity of the fault zone (Ambraseys and Finkel 1987; Altunel 1999; Yönlü et al. 2010; Sümer et al. 2013 ). On the other hand, along the southern margin of the graben, there is no clear geomorphic evidence for Holocene activity of faults corresponding to simple antithetic faults in the graben system. We infer that the slip rate of these faults is smaller than the sedimentation rate, and therefore, geological and geomorphological evidence for fault activity were buried due to rapid sedimentation along the Büyük Menderes River (Kazancı et al. 2009 ).
The 150 km-long Gediz Graben System (GGS) with a general NW-SE trend displays more complex tectonic structure than the BMGS. Active faults of the GGS graben consist of a low angle detachment fault forming the southern boundary, a synthetic fault zone accompanying the detachment and an antithetic northern boundary fault zone (Koçyigit et al. 1999; Emre et al. 2013) . Even though the entire graben system is prone to intense seismicity, only the 1969 Alaşehir earthquake (Ms 6.9) was the only event in the twentieth century known to have produced surface faulting within GGS (Arpat and Bingöl 1969) . The graben system is divided into eastern and western parts based on overall fault geometry and spatial distribution (Fig. 3) . The faults along the eastern part between Sarıgöl and Salihli are characterized by relatively simple graben geometry.
Towards the west, the graben floor gets wider and reaches a maximum width of 70 km between Dagkızılca and Akhisar. To the west, southernmost fault zone of the graben system splits into 3 branches forming the Manisa, Kemalpaşa and Armutlu fault segments (Emre et al. 2005a, b) (Fig. 3; Table 1 ). The southern detachment fault with south-facing arc geometry extends between Sarıgöl and Dagkızılca. The NW-trending western tip section of the detachment fault (corresponding to segment 44-5 in Fig. 3 ) turns into an oblique normal fault with a right lateral strike-slip component and then merges to the right lateral strike-slip Dagkızılca fault. The western tip of the Kemalpaşa fault segment connects to the İzmir fault. To the northwest, between Manisa and Akhisar, the graben floor is characterized by scattered normal faults forming complex sub graben-horsts within the GGS. Finally, to the northwest, the Soma fault zone with a south-facing arc shape connects to the GGS. Faults forming the western tip of the GGS in different orientations are connected to right lateral strike-slip transfer faults between Kuşadası Bay and the Bakırçay graben. The GGS is divided into 17 fault segments excluding the Soma-Kırkagaç fault zone and İzmir fault which are structurally connected to the graben system.
The Eastern tips of the BMGS and GGS are connected to the Denizli Graben which consists of highly segmented normal faults (Koçyigit 2005) . The Acıgöl Graben on the hanging block of the normal dip slip Ç ivril-Dinar fault system extends as the eastern extension of Denizli graben; and these two present a rift morphology connecting the Büyük Menderes and Ç ivril graben systems. To the northeast, the southward-concave Ç ivril Graben (Ö zalp et al. 2009 ) is situated with its approximately N-S oriented graben sections connecting to the Acıgöl and Burdur grabens. Farther south, the Gökova fault (62) which bounds the north of the Gulf of Gökova is an important normal fault (Görür et al. 1995; Kurt et al. 1999; Gürer et al. 2013) in southwest Anatolia (Fig. 3) .
In this region, right and left lateral strike-slip conjugate faults with NE-SW and NW-SE orientations are found in-between the grabens. The 1969 Alaşehir (Ms 6.9), 1955 Söke (Ms 6.8), 1995 Dinar (Mw 6.4) earthquakes have resulted in surface rupturing in the region and references therein). All of these earthquakes were characterized by normal faulting mechanisms (e.g. Eyidogan and Jackson 1985; McKenzie 1972 ).
Northwest Anatolia transition zone
Northwest Anatolia transition zone (NWATZ) describes the area bounded by the plate boundary NAF system to the north and the regional scale large fault bend formed by the Simav, Soma and Zeytindag fault zones to the south (Figs. 3, 4) . Along the southern boundary, there is a gradual transition from the extensional tectonic regime represented by normal faults to strike-slip faulting. Due to E-W prolongation, the region between the North Aegean Sea and the outer İsparta Angle is characterized by radial extension (Fig. 3) . The 205 km-long transtensional right lateral strike-slip Simav fault zone forming the eastern part of the southern boundary extends in a NW-SE orientation and consists of 7 fault segments. Even though small to mid-size recent earthquake with focal mechanisms (Eyidogan and Jackson 1985; Kartal and Kadirioglu 2015) showing normal faulting have occurred in the large scale releasing bend (Emre et al. 2012) , the geological-geomorphological offsets, GPS and paleoseismological data are evidences for the strike-slip style deformation and recent activity of the entire the Simav fault zone (Konak 1982; Aktug et al. 2009; ). The Simav fault zone (30) it connects to the AfyonAkşehir Graben System in the east (Fig. 3) .
Recent crustal deformation in the region is controlled by bend kinematics (Emre et al. 2005a (Emre et al. , b, c, 2010 (Emre et al. , 2011a . Active faults in the region form large fault bends with E-W orientation and southward concavity (Fig. 4) . These orientations are consistent with both the Central Marmara arc of the NAF ) to the north, and the southern boundary fault bend to the south (Fig. 4) . From north to south we define three main large fault bends within the transition zone namely the Southern Marmara bend, the ManyasBursa double bend and the Balıkesir bend (Fig. 4) . Faults trend in NE and NW directions on the western and eastern limbs of the bends, respectively. Within this conjugate pattern the most important deformation feature is the dominant right lateral strike-slip component.
However, NE trending faults are transpressional and NW trending faults are transtensional on the western and eastern limbs of the bends, respectively (Fig. 4) . Furthermore, it is noted that the normal dip slip component becomes the dominant characteristic of the transtensional faults at the apex of the bends; for example the Manyas and Bursa fault zone along Manyas-Bursa double bend. The Uluabat fault is an example of a transpressional strike-slip fault on the western limb of the bend with a reverse component. On the other hand, towards the southeast, normal dip slip component becomes the dominant characteristic of the faults in the area around Kütahya and Eskişehir (Fig. 4) .
The fault bends in the region are multi-segmented fault systems (Figs. 3, 4) . The Southern Marmara fault bend consists of the Zeytinbagı (11), Bandırma (10), Edincik (9), Sinekçi (8) and Ç an-Biga (6) fault zones. This represents the western continuation of the southern strand of the NAF system (Barka and Kadinsky-Cade 1988) which terminates in the Biga Peninsula (Fig. 4) . The Manyas-Bursa double bend is composed of the Evciler (4) Yenice-Gönen fault (16), Manyas fault zone (17), Mustafakemalpaşa fault (13) and Orhaneli (134) faults to the west, and the Uluabat (12), Bursa fault (136) and İnegöl fault zone (137), Oylat fault (138), Dodurga (139) and Eskişehir (140) faults to the east (Fig. 4) . To the south, the Balıkesir bend includes the multi-segmented Havran-Balya fault zone (2018) 16:3229-3275 3259 (23) and the Balıkesir fault (24) (Fig. 4) . There are also several individual fault segments within the NWATZ. The normal dip slip Edremit fault zone (5) which ruptured in the 1944 earthquake (Ms 6.8) (Ambraseys and Jackson 2000; Emre and Dogan 2010; Sözbilir et al. 2016 ) and the Kestanbol fault are inconsistent with the bend kinematics in the region. More detailed regional offshore data are needed to understand the normal dip slip kinematic of these faults. The bend kinematics proposed above are confirmed by slip characteristics of surface ruptures associated with the 1944 Edremit Bay (Ms 6.8), 1953 Yenice-Gönen (Ms 7.2), 1964 Manyas (Ms 7.0) and 1970 Gediz (Ms 7.2) earthquakes in the region and references therein).
Tuzgölü-Konya basin
The Eskişehir and Tuzgölü faults separate the central and western Anatolia tectonic provinces (Barka and Reilinger 1997; Koçyigit and Ö zacar 2003) (Figs. 1, 3) . Different researchers have proposed various kinematic attributes for the Tuzgölü fault. For instance, Ş aroglu et al. (1987, 1992a, b) suggests a right-lateral fault according to systematic offsets in the late Quaternary lava flows from the Hasandagı volcanic center eruptions, whereas Barka and Reilinger (1997) propose a right-lateral faulting mechanism with a reverse component (Ş engör et al. 1985) . Recent studies Kürçer and Gökten 2014) including detailed mapping and trench surveys clarified that the recent activity is dominated by normal faulting mechanisms.
The 200 km-long Tuzgölü normal fault zone extends in NW-SE orientation and consists of 6 geometric segments. The eastern block displays a distinctive morphology that are consistent with the normal fault mechanism. The Western block as the footwall, hosts the second largest lake of the country, and similar morphologic attributes are observed throughout the Konya basin. The Nasuhpınarı fault, Seyithacı fault, Hotamış fault zone, and Konya fault are Holocene active dip slip normal faults in the Konya basin (Koçyigit 2005; Emre et al. 2013) . Paleoseismological data on the Seyithacı fault reveal that these are low slip-rate normal faults which are capable of producing surface rupturing during the large earthquakes (Ö zalp et al. 2011 ).
Isparta angle
The Isparta Angle (Blumenthal 1963 ) is an important tectonic structure within the westward escape tectonic regime of the Anatolian plate (McKenzie 1978; Robertson 1998; Koçyigit and Ö zacar 2003; Koçyigit 1983; Ş engör et al. 1985; Boray et al. 1985, Taymaz and Price 1992; Barka et al. 1995; Glover and Robertson 1998; Dolmaz 2007; Ö ver et al. 2010; Tiryakioglu et al. 2013) . Its overall geometry is characterized by an upside down ''V'' shaped, south-facing arc that corresponds to the Sultandagı fault bend . The 100 km-long Sultandagı fault (Ş engör et al. 1985) is the main tectonic element of the Isparta angle. With the exception of Koçyigit (1983 Koçyigit ( , 1984 and Koçyigit et al. (2000) , most previous works (Ş engör et al. 1985; Boray et al. 1985; Barka et al. 1995) including the first edition of the Active Fault Map of Turkey (Ş aroglu et al. 1992a, b) identify the Sultandagı fault as a high angle reverse fault with right lateral strike-slip component. However, surface ruptures associated with the 3rd February 2002 Sultandagı earthquake (Mw 6.5) confirms dip slip normal faulting as stated by Koçyigit (1983) . Morphotectonic structures indicating Quaternary-Holocene activity within the Isparta Angle consist of complex horst-grabens. In the regional framework, the Sultandagı fault (126) is the master fault and drives crustal deformation in the region. The Sultandagı horst bounded by the Sultandagı fault to the north is the most prominent morphotectonic element of the Isparta Angle. It is connected to the Fethiye-Budur zone through the Karamuk fault to the west, and the Tuzgölü-Konya basin to the east.
Complex graben systems are the characteristic feature of the Isparta Angle, however, the geometry of the grabens are different along the outer and inner Isparta Angle which are separated from each other by the Sultandagı master fault. Horst and graben structures form a radial pattern on the hanging block of the master fault. The Afyon-Akşehir and Karamuk grabens are parallel to the master fault; whereas numerous NW and/or NE trending crossgrabens and horsts are the perpendicular to the fault bend. The cross-graben and horsts tend to be triangular in map view (Fig. 3) . The horst surfaces were tilted far away from their apexes. These regional morphotectonic data indicate crustal stretching in a radial pattern at the apex of Isparta Angle as a result of dome shape uplifting . Geothermal fields prevailing in the outer Isparta Angle-Afyon-Akşehir graben systemmay also be geological evidence for crustal thinning as result of radial stretching in the region. Finally, the counter-clockwise rotation of the Western Anatolia interpreted from GPS vectors (McClusky et al. 2000; Reilinger et al. 1997 Reilinger et al. , 2006 Aktug et al. 2009 ) might have been controlled by radial crustal stretching on the outer Isparta Angle. This would imply regional importance for this tectonic structure in the Eastern Mediterranean.
Except for the Sultandagı master fault, other faults forming the complex Afyon-Akşehir graben system are highly segmented. Faults in this graben system are divided into 14 segments including the master fault ( Fig. 3 ; Table 1 ). The Sultandagı master fault is divided into six geometric segments (Table 1) . Length of the segments varies from 18 to 23 km. The 2002 Sultandagı earthquake (Mw 6.5) occurred at the apex of the Sultandagi fault bend with complex multi-segmented surface rupturing .
The Plio-Quaternary morphotectonic structures in the inner Isparta Angle are characterized by conjugate grabens (Fig. 3) . They are bounded by the dip slip normal faults (numbered from 86 to 95 in Fig. 3) where some of them are reactivated along the paleotectonic thrust faults such as Beyşehir Gölü fault (92) as a result of tectonic inversion.
Fault parameters
Several fault parameters are required to characterize linear sources in seismic hazard analysis. (2) fault/segment name, (3) fault type, (4) activity class, (5) length, (6) trend, (7) attitude, (8) estimated slip rate for the major faults, (9) estimated seismogenic depth and (10) estimated empirical maximum magnitude. The table also includes magnitude of the earthquakes resulting in the surface rupturing since 1900. Fault nomenclature, type and classification were assigned as described in the previous chapters. Each fault segment is defined by an identification (ID) number, with the ID numbers given in Table 1 being consistent with the numbering on Fig. 3 . If the fault is a multi-segmented fault system or fault zone the segments are numbered with sub-numbers. For example the Gerede segment of the NAF was defined as ID1-20. In this notation the first number (1) indicate that the fault has multisegments, a fault system or a zone, the second number indicates the fault segment.
Additionally we defined sub-segments by a third number, however, these sub-segments could not be able to present in given scale of Fig. 3 . Thus, we present parameters for 588 fault segments and sub-segments. Segmentation and identification of fault segments are based on the original geometry of the faults on the 1:25,000 scale base maps.
Parameters identified for historical ruptures and Holocene faults such as fault type and segmentation, length, orientation, fault plane dip were verified by field observations. However, it could not have been possible to provide some of the parametric data for Quaternary faults.
Faulting type indicates sense of motion on the fault plane. The faults are defined as; RL, right lateral strike-slip; LL, left lateral strike-slip; NN, normal dip slip; R, reverse or thrust faults. If the fault has oblique slip the first notation indicates the dominant mode of deformation and the second one defines secondary slip. For example the notation RL-NN indicates the fault is a right lateral strike-slip fault with a normal dip slip component.
Fault length defines the total mapped length of the fault or fault segments on the 1:25,000 scale active fault maps. The length of the single fault segments correspond to the map view of the fault. However the total length of the multi-segmented fault may be different depending on the geometry of jog structure. GIS analyses were utilized in order to identify precise lengths of fault segments.
The strike is defined according to the right-hand rule. Based on bend geometry, reverse and normal components were considered on strike-slip faults. Dips of the fault planes were mainly based on field observation and measurements. If available fault plane solutions of earthquakes were also considered. We summarize the other fault parameters defined in the study below.
Slip rate
Fault slip rate is an important parameter for evaluating the seismic hazard potential of active fault zones. Long-term and short-term slip rate or surface motions are determined by means of geologic, geomorphic and geodetic surveys, respectively. In the study region, geologically determined slip-rates of the major active faults are relatively well known (e.g. Bozkurt 2001 and references therein; but, the data supporting geological slip-rates for the less active faults is sparse. Substantial progress has been made on geodetic surveys of motions within plate interiors (Meade et al. 2002; Flerit et al. 2004; Kadirov et al. 2008; Aktug et al. 2009 Aktug et al. , 2013 Djamour et al. 2011 ) in addition to those occurring at plate boundaries (e.g. McClusky et al. 2000; Reilinger et al. 2006 ). Additionally there is reasonable agreement between recent geologic (2-3 Ma) and geodetic plate motion estimates for the last 20 years, (e.g. Bozkurt 2001; Reilinger et al. 2006; .
The updated active fault geometry presented in this study reveals that the neotectonic provinces of Turkey are divided into blocks bounded by long, multi-segmented fault zones. There is a reasonable agreement between the block boundaries developed from GPS studies and the main fault zones of the Active Fault Map of Turkey, and some block models were suggested for Turkey and its surroundings (McClusky et al. 2000; Nyst and Thatcher 2004; Reilinger et al. 2006; Aktug et al. 2009 Aktug et al. , 2013 . In reality the deformation zones along block boundary faults are far more complex than the general understanding provided by GPS studies. Within the Anatolian plate and Eastern Anatolia the block boundaries are represented by wide and complex deformation zones including many fault segments. Consequently; it is not yet possible to assign geodetic slip rates for all the faults identified. However, we have defined slip rate for major fault systems based on available data (Table 1) .
Seismogenic depth
Even though earthquakes in Turkey are usually characterized by shallow-depth earthquakes in the crust, significant variances are observed in seismogenic depths . This is related to variations in the lithospheric composition of the crustal structure, existence of suture zones juxtaposing different lithospheric components and variations in the mechanisms of active tectonics around Turkey. In general, seismogenic depth increases from west to east and north to south.
Northern Anatolia, is typically represented by earthquakes generated by the NAF system, from west to east, the seismogenic zone slightly increases from *17 to 20 km deep (Kaypak and Eyidogan 2005; Ö zalaybey et al. 2002; Ç akir et al. 2003; Karabulut et al. 2002) . Western Anatolia is characterised by shallow earthquakes *12-15 km deep (Tezel et al. 2010; Ergin and Aktar 2009; Tan 2012) . Central Anatolia experiences deeper earthquakes reaching a depth of *17-20 km (Yolsal-Ç evikbilen et al. 2012; Bulut et al. 2012) . Eastern Anatolia is represented by more complicated structure resulting in difference in the seismogenic thickness ranging from 20 to 25 km Zor et al. 2003; Elliott et al. 2013 : Utkucu 2013 . Although the seismicity of the EAF zone, SEAT zone, the Karlıova triple junction area and the area east of this junction have similar hypocentres (h [ 20 km), the seismicity of the EAF zone is typically less than 20 km . However, the main shock of 1998 Mw 6.2 Ceyhan earthquake with a 32 km depth and aftershocks reveal that seismogenic depth become deeper in the Iskenderun Bay where the northern strand of the EAF merges to Cyprus arc. Recent studies on the 2011 Van earthquake resulting from a reverse mechanism have shown the seismicity to more than 20 km depth (Elliott et al. 2013 : Utkucu 2013 .
Additionally, latest improved instrumental earthquake catalogue was prepared by Kadirioglu et al. (2016) for Turkey and the surrounding countries. It covers the region between latitudes 32-45°N and longitudes 23-48°E. The catalogue includes 12,674 events for the period between 1900 and 2012. In the catalogue, there is a considerable amount of events occurred before 1960s, which were not well-resolved by the location algorithms (fixed at 33 km) or without depth information (fixed at 10 km) as flag to show that the depths were no good.
We also evaluated focal depths of all earthquakes included in the new earthquake catalogue (Fig. 5) . We examined focal depths by distributions of the earthquakes within an 8-km buffer zone of the 485 fault segments (Fig. 6 ). Based on both available literature and the improved catalogue, we estimated seismogenic depths ranging from 13 to 33 km for the 485 active fault segments of Turkish territory (Table 1) .
Estimated maximum magnitude
During the seismic hazard analysis, it is necessary to estimate maximum earthquake magnitude that might be generated by an individual fault segment. However few large earthquakes are known that occurred during the historical period. Therefore, the expected magnitude scale of a fault segment is commonly evaluated from the fault dimensions, which are associated with earthquake magnitude (Wells and Coppersmith 1994) . Fig. 6 Spatial distribution of earthquakes from 1900 to 2012 larger than Mw C 4.0 within the 8-km wide buffer zones of the active faults. Earthquake data was taken from Kadirioglu et al. (2016) Approaches in estimating maximum earthquake magnitudes on individual fault segments typically are based on empirical relationships between magnitude, rupture length, rupture width, rupture area, and surface displacement. These correlations have been investigated by numerous researchers during the last half century (e.g. Bonilla et al. 1984; Darragh and Bolt 1987; Scholz 1982; Slemmons et al. 1989; Stirling et al. 2002; Wells and Coppersmith 1994; Wesnousky 2008) . The most common feature that is correlated with magnitude is the surface rupture length as a function of slip type (Wells and Coppersmith 1994) . In this study, we calculated maximum magnitudes on fault segments that are individual seismogenic structure from empirical relations between maximum magnitude and surface rupture length inferred by Wells and Coppersmith (1994) . The reason for the selection of formulations developed by Wells and Coppersmith (1994) is the inclusion of several surface rupture and earthquake data from Turkey in their database. The estimated maximum moment magnitudes (M W ) of the 554 fault segments range from 5.3 to 8.0 (Table 1) . In this table, we have considered only total rupture length associated with the large earthquakes since 1900 such as multi-segmented large earthquakes along the NAF. Proposed estimated magnitudes on the other faults represent individual fault segments. Therefore, we would like to note that logic tree approach is needed for understanding the estimated magnitudes of multi-segmented large fault zones based on the fault geometry and segmentation data including slip rate.
Conclusions
In this study, we summarize the development of a new nationwide database of active faults that spans all of Turkey. The database represents our current best understanding of the location, style, and deformation rates of active faults in Turkey. Primary observations from the study are as follows.
• The updated active fault map of Turkey and its database provide the most recent characteristics of seismic sources on a national basis. The map outputs were prepared at three different scales; (1) Base active fault maps of 1:25,000 scale, (2) Active fault map series of Turkey at 1:250,000 scale intending to provide essential fault data for regional earthquake hazard analysis and regional physical planning, and (3) Active fault map of Turkey at 1:1,250,000 scale providing active fault information in order to support hazard mitigation strategies for national policy, strategy, and physical infrastructure planning. All the maps are available on the map portal or web page of the MTA General Directorate.
• Active faults are classified into four distinct types based on geochronological criteria.
These are faults with known earthquake surface rupture, Holocene-active faults, Quaternary-active faults and Probable Quaternary-active faults or lineaments.
• The database contains 533 single fault segments ranging between 4 and 330-km, which are substantially potential as earthquake sources.
• The database includes 338 Holocene-active fault segments and 121 Quaternary-active segments. Strike-slip (261; 48.9%) and normal slip (227; 42.5%) faults constitute the majority of fault segments in the database. Fault segments with reverse slip (45; 8.6%) are comparatively few.
• The database includes 28 historical earthquake surface ruptures delineated in detail, which occurred during the last century.
• Fault parameters, which are essential data for seismic hazard analysis, such as class, activity, type, length, trend, and attitude of fault planes were defined for each of the 533 fault segments mapped in Turkey. The parameters have been augmented by estimates of slip-rate, seismogenic depth and expected maximum magnitude based on available data.
• The database provides information in order to support hazard mitigation strategies for national policy, strategy, and physical infrastructure planning and essential fault parameters for regional-scale seismic hazard assessment. Additional evaluations including more detailed consideration of probably Quaternary faults and lineaments will likely be required for site-specific studies of important facilities.
